Thank you for the submission of your manuscript (EMBOJ-2017-98357) to The EMBO Journal, as well as giving additional input in your preliminary point-by-point response. I apologise for the delay in getting back to you due to detailed discussions in the team. As mentioned, your study has been sent to three referees, and we have received reports from all of them, which I copy below.
The referees acknowledge the potential interest and novelty of your work, although they also express major concerns. While referee #2 is overall more positive, referee #1 states that your claims on functionally interdependent RNA-protein networks and exchange of cargo-loaded exosomes are not sufficiently well supported by the data. Further, this referee asks you to broaden and consolidate the bioinformatic analysis of your data and validate your findings with functional experiments. Referee #3 agrees in that the study lacks validation in his/her view and that the transfer of concerted networks is not demonstrated. In addition, the referees point to a number of inconsistencies between data and missing controls, which would need to be resolved to achieve the level of robustness needed for The EMBO Journal.
I judge the comments of the referees to be generally reasonable and can -based on your sensible preliminary point-by-point response -offer to invite you to revise your manuscript experimentally to address the referees' comments. We would need strong support from the referees on such a revised version of the manuscript to move towards publication.
Please note however, that while the points related to RNA-protein network interactions and proof of exosomal transfer of the newly identified cargo (referee #1, pts. 1, 6; ref#3 pt. 1) are per se well taken, taking into account the scope of the current work and character as a resource article, we consider these requested experiment as not essential for this manuscript.
In more detail, we ask you to
• carefully address the concerns of referee #1 and #3 regarding network character, functional causalities and exosomal origin and rewrite the manuscript accordingly pointing to potential limitations of the data.
• put your work better into the literature context, eg regarding transferred RNA translation-stability and destination (Ref #1, pt.1), as well as proof of Cre-reported EV transfer per se (Ref #3, pt. 2).
• clarify which claims are directly derived from the current study, and tone down the ones supported by literature.
• Complement and generalize the bioinformatic analysis of the RNAseq-proteome data (Ref #3, standfirst and pts. 3,4,8; ref#3, pts. 3,4), and integrate the conclusions of the resource part with the in vivo migration assay.
• Increase mouse numbers to improve robustness of in vivo metastatic potential data ( Figure S6 ; ref#3, pt.5) or tone down claims on this aspect.
------------------------------------------------
Referee #1:
In this study, Steenbeek et al investigate the reciprocal communication between cells that differ in metastatic potential, but present within the same tumor environment. As a model system, they use the syngenic cell lines B16F1 and B16F10, and determine RNA and protein cargo in extracellular vesicles (EVs) shed by either cell type. The authors find remarkable complexity and differences in EV RNA and protein make-up, dependent on cellular origin and type of EV considered (obtained by differential centrifugation). This is further interpreted modeling these data as functional networks, mainly in categories related to cell motility, resulting in protein and mRNA networks. The authors conclude by showing that EVs originating from B16F10 cells induce enhanced migration by uptake of EVs originating from B16F1 cells.
This study addresses an important question, and technically it is well-performed (in vivo migration assays, proteomics). They identify an amazingly large number of proteins and transcripts in EVs, with an equally large functional diversity. These are important, especially in conjunction with the compositional difference of 16.5k and 100k EVs. However my main concern is a conceptual one, where the authors propose a model for which in the end they do not provide any direct evidence. Specifically, the concept that the authors are aiming to get across (and put in the title) is that the EVcontent should be seen as a network, and not merely as a collection of proteins/mRNAs. This may be appealing as a model, however the authors do not really substantiate this beyond drawing connections between proteins/RNAs that co-occur within a certain gene-ontology/functional category. First of all, this is not surprising since this is how GO-terms are defined. Second, a network is defined by interdependencies, meaning that if the network is perturbed it loses functionality. Proving this will involve careful and not necessarily straightforward experimentation, however none of this is attempted and therefore the network-theory remains a theory: it is not conclusive, and there are no data in the manuscript that cannot be explained by a simpler model, namely that the trans-effect is mediated simply by the collection of molecules contained within EVs.
Other remarks: 1. The authors do not discuss how they envision mRNA to transmit function (if any) in recipient cells. Are RNAs stable throughout the process of EV transfer, including internatlization? Are they translated? 2. Figure 1E : it is surprising that EVs remain intact after uptake. Have the authors investigated their ultimate destination, and where/when they dissipate (if at all)? 3. Figure 3 : the authors restrict themselves by considering proteins/transcripts involved in cell migration. However, the number of proteins in EVs is so high, and their functionality so diverse, that multiple other cellular processes are ignored that could be equally important to effectuate a trans-effect to recipient cells. Figure 3B : what do these 'associations' mean, how are they defined? Direct interactions, enzyme/substrate, (transcriptional) regulation, co-occurring in the literature? Authors need to clarify this -for instance bottom of page 9: 'the highest enrichment of migration-related RNA and protein is generally observed in EVs, suggesting that EV-mediated transfer of these molecules could result in a concerted action in recipient cells". This really depends what the 'association' between these genes/proteins indicate. If it is transcriptional regulation of one by the other, transfer of both proteins does not have a meaning in the sense of a concerted action. 5. Related to the previous point, authors state (page 9-10): 'The highest functional enrichment is observed for cell surface receptor signaling pathway in the 100K EVs, implying that EVs could transfer receptor-mediated oncogenic signaling to other cells'. This is somewhat of a simplistic view, since RTKs only function if they are properly positioned in the membrane, to sense growth factors and induce a response via second messagers etc. I.e. they only function when the whole machinery is in place, for which no evidence is provided. 6 . Page 11-12: Here the authors seem to perform an in-silico analysis of what proteins/RNAs are transferred between B16F1 and B16F10. It is unclear what can be concluded without experimentally demonstrated that the mentioned molecules are indeed stransferred, and have a function. 7. Fig 6CD: have the observed effects been corrected for the number of EVs that have been taken up per cell? 8. Page 14: 'tumor cells transfer networks of interconnected RNAs and proteins'. What does 'interconnected'mean? This relates to my main concern: is it proteins in the same pathway, or the RNAs that encode them? This only makes sense when authors assume that an entire pathway or other functional module is 'transplanted' into a recipient cell. This really cannot be concluded from the motility experiments (Fig 6) . 9 . More generally speaking, there is a disconnect between proteome/sequencing data and functional analysis. Strictly speaking, Fig 6 could also be figure 1 since none of the acquired knowledge was necessary or helpful to do the cell migration experiment. Even more, it remains unclear to which EV-type the observed effect can be ascribed (16.5k, 100k or something else), leave alone to which protein/RNA they contain. 10. The final conclusion is very sketchy where authors talk about possible consequences of changes in EV-cargo due to mutations or otherwise, however this remains very speculative without having data or tools to observe and quantify these effects.
Referee #2:
The article by Steenbek et al provides a very thorough comparative study of the protein and mRNA composition of EVs of different biophysical characteristics, isolated in vivo from a more and a less metastatic subclone of a given tumor cell line. Refined bioinformatics analyses of these extensive array of data leads to the hypothesis that EVs can transfer clusters of RNA and proteins acting in the same physiological pathways, to promote e.g. migration of less migratory cells. The authors validate this hypothesis by showing enhanced in vivo migration of cells that have captured pro-migratory EVs. This article follows on a very elegant previous study of this group (Zomer, Cell 2015) , where the authors had implemented use of the Cre/LoxP system to evidence functional transfer of Cre mRNA between two human tumor cell lines. The experimental system used here is more relevant to the clinical situation, as it uses two subclones of a tumor cell line, rather than two completely different tumor cell lines, thus mimicking the intrinsic tumor heterogeneity of a tumor. It is also implemented in fully immunocompetent mice, instead of relying of injection of human tumor cells in nude mice. The article provides a large range of very valuable information for the EV and cancer fields, especially the extensive proteomic and transcriptomic analyses of EV subtypes from different sources. It confirms and extends recent studies from other groups highlighting the functional relevance of different subtypes of EVs, not only "exosomes"! It also provides an important observation that Cre transfer is not efficient in vitro, and only observed in vivo (figure 1). It is certainly of high value as a resource article I would suggest an additional experiment, that I think is missing in the current manuscript to properly interpret the migration data upon EV transfer: quantification of Cre-mediated recombination (as in figure 1H ) and resulting migration (as in Fig 6) in reporter cells co-injected with Cre-donor cells of the same subclone, ie B16F1-Cre + B16F1-reporter. Indeed, the observed increased migration of B16F1-reporter upon capture of EVs from B16F10-donors is significant but not major, and B16F1-derived EVs also contain a majority of pro-migratory networks (Fig5B), even if slightly more anti-migratory networks than B16F10-derived EVs. Thus, can the authors demonstrate that capture of these F1 EVs does not induce as much or as statistically significant migration in F1 cells as transfer of F10-EVs, which would support their model of EV-mediated phenocopy, or not (as much migration in both cases), in which case the phenocopy model does not hold. However, even if the latter result is observed, the major importance and value of the article as resource remains.
I also have minor comments, that could be taken into account to improve the manuscript. 1) Characterisation of the B16F10 and F1 models and their growth in vivo, mentioned in the beginning of results, should be shown as supplementary data 2) Figure 1i should be displayed as dot plots and not histograms, to show distribution of the eGFP+ cell number in individually analyzed tumors/mice.
3) I did not understand exactly the analysis displayed in figure 5: I suppose that the enrichment on EVs over "putative recipient cells" (figure legend) was searched for in the proteomic and transcriptomic data generated for the rest of the article, and not on novel experiments where, for instance, proteomic/transcriptomic analysis would have been done on cells that had captured or not EVs and thus recombined or not, but I am not entirely sure. Can the authors try to explain better in the text their reasoning in this part of the analysis? For instance, in p11, the sentence "we selected for RNA and proteins enriched in EVs to recipient cells" is not very meaningful. Of note, Lamp2 is presented as a "typical exosome marker" "specifically enriched in the 100k fraction" (text p8), which does not match figure 2D (Lamp2 is more abundant in 16;5 than 100K) and the literature (Lamp2 is not consistently found associated to EVs, it is even described as excluded from exosomes in some studies). 6) although nice and providing interesting resource data, the protocol used to isolate EVs from in vivo grown tumors is not as refined as that used by Vella, JEV 2017, as it does not involve any further separation of EV subtypes in a density gradient. Hence, the EVs recovered are mixed and could also include some cell fragments, the authors should acknowledge that.
7) It would be really interesting to determine (in a future work) if the negative and positive networks of cell migration found in the B16F1 EVs are in fact present in different EV subtypes, which, if differentially captured by target cells, would then efficiently induce either a pro-migratory, or an anti-migratory effect, rather than the suggested mixed induction of contradictory functions.
Referee #3:
Steenbeek et al. have studied extracellular vesicles (EVs) as regulators of cancer cell migratory behavior. Their manuscript contains a very detailed characterization of the contents of the EVs. In particularly, these EVs are isolated from tumors derived from two sister cell lines -a metastatic and a non-metastatic cell line -and not, as is otherwise often the case, from cells in culture. Thus, this characterization has merit. However, the information gained from the analysis of the EV contents is entirely descriptive. The functional data that is included in the paper is not connected to the characterization of the EVs. Furthermore, the functional data don't add anything substantially new to the functional data previously published by the same group (Zomer et al., 2015) . There is no validation convincingly showing that any of reported "omics-based" findings has functional consequence. Regrettably, the EV field doesn't really have the tools to effectively test the premise of the paper, namely that transfer of a network of molecules in EVs -from one cancer cell population to another -is a means for transfer of the ability to metastasis between cancer cell populations.
Additional major issues:
1) The biggest problem of the manuscript is that there is no attempt to prevent EV transfer, or transfer of a specific network of molecules between the cell lines. One would need to show that interfering with EV mediated transfer alters the phenotype of migration to make any conclusion on the importance of the transfer of molecules by EVs. Such experiment are of course very difficult to perform. In addition, the in vitro phenotype of transfer of Cre is rather subtle, so the phenotypic read-out is also difficult to work with. Additionally, although the authors show transfer of EV associated membrane labeling dyes, there is no evidence that transfer of the proteins and RNA that they identify as part of EV actually occurs, not even in vitro.
2) The manuscript contains no convincing evidence that EVs transfer proteins or RNA between cancer cell populations in vivo. The Cre-lox based tracking system is clever, but since there is no data documenting that Cre protein or mRNA is packed into EVs -and only can be transferred between cells through EVs -the method is not conclusive proof that transfer of molecules between cell lines occur through EVs. It is concerning that when the Cre-donor cell line is cultured with the reporter line in vitro then there is almost no transfer of Cre -even though release and uptake of EVs is convincingly shown under these conditions. Also concerning is the more efficient transfer of Cre between the cell lines in vivo. That could be because EV transfer is more efficient in vivo, as suggested by the authors, but there is no data to support this and Cre might just as well be transferred by other means than EVs. In addition, there are no controls to show that there is no spontaneous color switch in the reporter cells in culture or when these are injected into animals without the Cre+ cells. Figure 6 shows that transfer of Cre affects the migration of the B16F1 cells, but it doesn't show that Cre is transferred by EV, or that the altered migration has anything to do with transfer of a network of molecules. In addition, there are no controls with measurement of migration of DsRed+ B16F1 cells or B16F10 cells in "non-co-injected" tumors.
3) The analysis of the contents of the EVs comes across as forced, almost biased, towards showing a connection to migration, including using things like the "reciprocal ratio of abundance". It is not obvious (e.g., in Fig. 3 ) that regulators of migration are specifically enriched in the EVs. It just looks like there are general differences. What statistical evidence is there that EVs contain regulators of migration -as opposed to other pathways? 4) Are there really 1000 different proteins and 12,000 RNA species packed into EVs? These numbers suggest that the selection of content of EVs is very unspecific. Is it even possible that one EV particle can contain that many different proteins and RNAs? Or do these numbers reflect that different EV particles contain only a subset of the proteins and RNAs. If so, how does that affect the idea of transfer of a network of regulators? With the proteomics data in hand, the authors appear to have an excellent data source to determine whether EVs mostly carry peptide degradation products or full length proteins. This is a major question in the field -and degradation products could have very interesting functions irrespective of the function of the native proteins.
5) The results of the analysis of the effects of co-injection of B16F1 and B16F10 cell lines in the one mouse that developed metastasis from the B16F1 cells are over-stated -when only one mouse out of 11 develops metastasis after co-injection, there is no statistical support for the idea that co-injection is important and the analysis of the resulting metastasis impossible to interpret. In addition, an effect of co-injection wouldn't have to be through transfer of EVs. Finally, no data is presented on metastasis in mice only injected with B16F1 cells.
6) It is great that the authors isolated EVs from tumors and not just the tumor cell lines grown in vitro -but because of that, they cannot conclude that the characterized EVs originate from the cancer cells. They might very well also come from stromal cells. This point isn't even discussed.
• First the definition of interactions. The interactions used in the original manuscript represent protein-protein associations exported from the quality-controlled STRING database (Szklarczyk d et al., Nucleic Acids Res., 2017). This analysis was performed online at the following website: stringdb.org. In this databased (STRING), interactions are defined as: "associations (that) are meant to be specific and meaningful, i.e. proteins jointly contribute to a shared function; this does not necessarily mean they are physically binding each other". The reviewer is correct that this also includes enzyme/substrate, (transcriptional) regulation, and other indirect interactions between proteins in the same network that influence each other. In the revised manuscript, we now define the interaction at page 12: "These interactions are defined as "associations (that) Second, the evidence for the interactions: in the original manuscript, these interactions from STRING also included predicted interactions such as gene neighborhood, gene fusions, gene cooccurrence, and other interactions based on text-mining, co-expression and protein homology. We now realized, and agree with the reviewer, that not all interactions have the same importance (for example, importance of experimentally determined is higher than importance of text-mined interactions). Therefore, in the revised manuscript we used the STRING database to only select for interactions that are based on experimental evidence. To this end, we have re-analyzed the evidence for the interactions and have updated Figure 3B , C and Figure 5B to only represent edges supported by evidence from experimentally curated databases (Biocarta, BioCyc, Gene Ontology, KEGG and Reactome) and experimentally determined interaction databases (DIP, BioGRID, HPRD, IntAct, MINT, and PDB).
This new analysis confirms that most interactions originally identified are experimental and/or known interactions, confirming that the identified biomolecules in Figure 3 and Figure 5 can act as a molecular machinery. To further support our conclusion that we have indeed identified a migration signaling network, we have also included the raw edge evidence in the supplemental "SourceDataForFigure3" and "SourceDataForFigure5".
The make the network evidence of the revised figures clear to the reader, in the results and conclusion section on page 12 we have added: "We only included protein-protein interactions that are experimentally validated and/or annotated in curated databases ( Figure 3A and Materials and Methods)" Additionally, we mention the EDGE evidence in the figure legends of Figure 3 A biological molecule loaded in EVs is not per definition important if it is specifically sorted into EVs. For example, a biological molecule that is specifically sorted in EVs but also very abundant in the recipient cell is not likely to add much to the recipient cell (as an analogy: an extra glass of water in the sea would not have an effect). By contrast, other vesicular biomolecules that may not be specifically sorted into EVs can likely have a large effect if this molecule is at low abundance in the recipient cell. Therefore, solely studying the content of EVs does not show which biomolecules will have a strong effect in the recipient cells. Accordingly, it is required to take into account the abundance of each biomolecule in the recipient cell, and that is what we did in Figure 5 . We are strongly convinced that this analysis helps the reader to understand how to interpret the importance of each vesicular biomolecule for inducing a phenotypic change in the recipient cell. We do agree with the reviewers that this analysis only provides a theoretical weight to each biomolecule that can never be experimentally proven, and in the revised manuscript we have emphasized this more.
Extracellular vesicle origin:
We expect that the vast majority of EVs in tumors are produced by cancer cells. First, from cancer cell line and patient data, it is known that cancer cells release more EVs than non-transformed cells and second, cancer cells form the vast majority of cells in B16F1 and B16F10 tumors. In the revised manuscript, we stress this point at page 7 Nevertheless, we never intended to imply that we exclude co-isolation of stromal EVs and we have mentioned this in the revised manuscript. In addition, our EV isolation protocol does not involve any further separation of EV subtypes by e.g. a density gradient. Therefore, we stress on page 16 of the revised manuscript that it should be realized that our two EV populations may still contain multiple EV types or non-detectable cell fragments that are released upon isolation procedure; "(…) it should be realized that these two EV populations may still contain multiple EV types or non-detectable cell fragments that are released upon the isolation procedure ( Figure 2F, G) . EV subtypes could be potentially further fractionated using density gradient centrifugation (Vella et al., 2017) • clarify which claims are directly derived from the current study, and tone down the ones supported by literature.
We have taken this into account and made this distinction throughout our revised manuscript.
• Figure 4B , Figure EV5B and Appendix 
Response:
We would like to thank the reviewer for his/her time and effort to provide us with constructive feedback and helpful suggestions that have improved our manuscript.
We completely agree with the reviewer, and in fact, the points that this reviewer made are exactly what we want to get across to the reader (trans-effect is mediated by the collection of molecules within EVs and not just single or a few of these molecules as currently thought in the field), and we do now realize that our points were not well phrased in the original manuscript. We have tried to get the following points across. However, based on these hallmark papers (which we think are still very important and insightful because they demonstrate the extraordinary role of EVs), the dogma in the field is that EV-induced effects are mediated by single (or a few) molecules loaded in EVs. With our manuscript, we try to change this dogma, and let the field realize that EVs contain many different biomolecules. Thereby, it is far more likely that the trans-effect is mediated by the collection of all biomolecules with a similar biological function (as deduced from network-based analyses and GO mining, see our response to major point 4) than just a few specific ones. Although we do realize that it may be impossible to provide evidence for our model (as this reviewer cleverly points out), we do think that the field should realize that the current dogma may be far more unlikely than the model we propose in our manuscript. Below, we further explain how we address this important point in the revised manuscript. 2) We agree that signaling networks require the interdependencies that this reviewer describes and do agree that we have miss-used this term (which we have corrected in the revised manuscript (see below)). Before we go into the networks, it is important to realize that, similar to the physiological situation, we investigate EV exchange between tumor cells that have a common origin and therefore, molecular differences are small but instrumental. From our comparison of the tumor cells (Fig EV4) , we found that all the signaling "networks" that are loaded in the B16F10 EVs are already present in the recipient B16F1 cells, but the relative abundance of each node (protein in the network) differs (Fig 3) . Therefore, the cargo of EVs produced by B16F10 does not "transplant" completely new "networks" in the recipient B16F1 cells (which indeed would make each node interdependent), but instead amplifies each existing node in the network already present in the cell. , amplifying multiple nodes in the same pathway will have two effects: first, the output of the pathway can be much stronger when two nodes are hit simultaneously, and second, not every recipient cell needs to receive the same cargo (which may vary between single vesicles) to have the same signaling pathway amplification. However, we agree with this reviewer that complete signaling networks may not be the correct term, since our "networks" do not represent full pathways that are reliant on interdependencies. Therefore, in the revised manuscript, we have rephrased the title, abstract, conclusions and discussion to explain that the EV molecules that amplify numerous nodes in the signaling network will have a concerted effect. Moreover, we referred to papers that explain that amplification of network nodes amplifies the output of the signaling networks. 
Figure 1E: it is surprising that EVs remain intact after uptake. Have the authors investigated their ultimate destination, and where/when they dissipate (if at all)?
Response:
The ultimate destination and the uptake mechanisms of EVs are heavily investigated by various groups in the field. The (temporary) persistence of fluorescently-labelled EVs in a recipient cell is in line with other studies that show that fluorescently-labeled EVs stay intact after uptake through endocytosis or micropinocytosis 
Figure 3: the authors restrict themselves by considering proteins/transcripts involved in cell migration. However, the number of proteins in EVs is so high, and their functionality so diverse, that multiple other cellular processes are ignored that could be equally important to effectuate a trans-effect to recipient cells. So if the authors want to propose EVs to represent networks, Fig 3 (and 5) represent only a small portion of such a network.

Response:
We agree with the reviewer that we have mainly focused on the differences in cell migration. As the reviewer correctly noticed, we also observed vesicular RNAs and proteins related to other processes. For example, differential expression analysis between the B16F1 and B16F10 model shows that RNAs related to "epigenetic regulators of gene expression", posttranscriptional regulators of gene expression" and "RNA processing" are highly enriched in EVs of the B16F10 model (see also Figure S4B in the original manuscript). In the original manuscript, we have tried to explain this to the reader by showing the GO-term analysis in Figure 4 and Figure S4 . Moreover, in the concluding remarks of our original manuscript we have tried to emphasize this point by stating that "In addition to networks of migration-related RNA and protein, we also found that EVs carry biomolecules with diverse other functions. For 
instance, EVs of the B16F10 model are enriched for epigenetic and posttranscriptional regulation of gene expression, as well as (m)RNA processing, potentially bringing about diverse effects in cells that receive these EVs (Figure S4B). This may further amplify the effectiveness of the transferred biomolecules involved in migration."
We now realize that it may help to get these points better across to the reader by discussing this data more prominently in the manuscript, and in the revised manuscript discuss in the results section that EVs are specifically enriched for a variety of processes, also including cell migration. Moreover, in the closing remarks we now also discuss the potential role of other EV cargo related to glycolytic processes and receptor-mediated signaling.
In the results section on page 13, we have rewritten the generalized description of our findings and First the definition of interactions. The interactions used in the original manuscript represent protein-protein associations exported from the quality-controlled STRING database (Szklarczyk d et al., Nucleic Acids Res., 2017). This analysis was performed online at the following website: stringdb.org. In this databased (STRING), interactions are defined as: "associations (that) are meant to be specific and meaningful, i.e. proteins jointly contribute to a shared function; this does not necessarily mean they are physically binding each other". The reviewer is correct that this also includes enzyme/substrate, (transcriptional) regulation, and other indirect interactions between proteins in the same network that influence each other. In the revised manuscript, we now define the interaction at page 12: "These interactions are defined as "associations (that) Second, the evidence for the interactions: in the original manuscript, these interactions from STRING also included predicted interactions such as gene neighborhood, gene fusions, gene cooccurrence, and other interactions based on text-mining, co-expression and protein homology. We now realized, and agree with the reviewer, that not all interactions have the same importance (for example, importance of experimentally determined is higher than importance of text-mined interactions). Therefore, in the revised manuscript we used the STRING database to only select for interactions that are based on experimental evidence. To this end, we have re-analyzed the evidence for the interactions and have updated Figure 3B , C and Figure 5B to only represent edges supported by evidence from experimentally curated databases (Biocarta, BioCyc, Gene Ontology, KEGG and Reactome) and experimentally determined interaction databases (DIP, BioGRID, HPRD, IntAct, MINT, and PDB).
The make the network evidence of the revised figures clear to the reader, in the results and conclusion section on page 12 we have added: "We only included protein-protein interactions that are experimentally validated and/or annotated in curated databases ( Figure 3A and Materials and Methods)" Additionally, we mention the EDGE evidence in the figure legends of Figure 3 
Response:
As we explained above, similar to the physiological situation, we investigate EV exchange between tumor cells that have a common origin and therefore, molecular differences are small and all the machinery nodes are loaded in the B16F10 EVs are already present in the recipient B16F1 cells, but the relative abundance of each node differs (Fig 3) . With other words, the whole machinery is already in place. Moreover, it is important to note that many labs have studied the transfer of RTKs and have shown that EV-associated RTKs are functionally incorporated in recipient cells. For instance, EV-derived EGFR or EGFRvIII are functionally incorporated in the plasma membrane of recipient cells (H. Zhang et al, 2017, Nature communications, Al-Nedawi K, 2008, Nature Cell Biology). Nevertheless, we also initially thought that RTKs only get activated if they sense growth factors, until one of our nearby colleagues told us that up regulation of the receptor can already lead to auto activation without growth factors (probably due to stochastic auto-cross phosphorylation). He explained that in cancer, cell surface receptors like EGFR do not need to be mutated to influence tumor growth, but amplification of the wild-type receptor also promotes tumor growth (e.g. Talasila K. et al., Acta Neuropathol. 2013, William D. et al., PLoS One, 2017, Ciardiello F., and Tortora G, NEJM, 2008). Additionally, we have further investigated the identified proteins linked to "cell surface receptor signaling pathway" and found that there are over 100 proteins enriched linked to cell surface receptor signaling pathway and that these also include non-RTK proteins. To better explain this to the reader in the revised manuscript, we have included these references (page 13) and included the data in Appendix 
We apologize for not being clear about this analysis. In the EV field, a biological molecule loaded in EVs is considered important if it is relatively abundant in EVs compared to the donor cell. However, a biological molecule that is specifically sorted in EVs but also very abundant in the recipient cell is not likely to add much to the recipient cell (as an analogy: an extra glass of water in the sea would not have an effect). By contrast, other vesicular biomolecules that may not be specifically sorted into EVs can likely have a large effect if this molecule is at low abundance in the recipient cell (as an analogy: a glass of water in the dessert will have a large effect). Therefore, solely studying the content of EVs does not show which biomolecules will have a strong effect in the recipient cells. Accordingly, it is required to take into account the abundance of each biomolecule in the recipient cell. Since we are strongly convinced that this analysis helps the reader to understand how to interpret the importance of each vesicular biomolecule for inducing a phenotypic change in the recipient cell, we prefer to keep this analysis in the revised manuscript.
We do now realize that we did not get our point well across to readers. Therefore, we have rephrased this part of the revised manuscript and explain better why we perform this analysis. We appreciate the comment of this reviewer that this analysis only provides a theoretical weight to each biomolecule that can never be experimentally proven. To clarify this to the reader, in the revised manuscript we emphasize this point by stating that this is a theoretical analysis 14-15: "In an attempt to provide theoretical weight for the most effective vesicular RNA and proteins, we identified…", and "This shows that theoretically, both B16F1 and B16F10 EVs", and "B16F10 EVs theoretically transfer more positive regulators of cell migration".
Fig 6CD: have the observed effects been corrected for the number of EVs that have been taken up per cell?
Response: The number of EVs that is taken up by recipient cells is an intriguing question and still heavily debated in the field. Unfortunately, our Cre-LoxP system, as any other currently available technique based on the transfer of reporter molecules by EVs, cannot answer this question. Although we think that this is an important question to address, in this manuscript we feel it is beyond the scope where our main aim is to show that EVs are not just transferring single (or a few) different molecules, but instead molecules will combined have an action.
Page 14: 'tumor cells transfer networks of interconnected RNAs and proteins'. What does 'interconnected'mean? This relates to my main concern: is it proteins in the same pathway, or the RNAs that encode them? This only makes sense when authors assume that an entire pathway or other functional module is 'transplanted' into a recipient cell. This really cannot be concluded from the motility experiments (Fig 6).
Response: As explained above, it is important to realize that the signaling "networks" that are loaded in the B16F10 EVs are already present in the recipient B16F1 cells, but the output (migration) of these "networks" is in the B16F1 cells not as strong as in the B16F10 cells. Therefore, the cargo of EVs produced by B16F10 does not "transplant" new "networks" in the recipient B16F1 cells (which would make each node interdependent), but instead amplifies each existing node in the network already present in the cell. As shown by others (e.g. Condeelis et al, 2005; Wyckoff et al, 2007), amplifying multiple nodes in the same pathway will have two effects: first, the output of the pathway can be much stronger when two nodes are hit simultaneously, and second, not every recipient cell needs to receive the same cargo (which may vary between single vesicles) to have the same signaling pathway amplification. However, we agree with this reviewer that signaling networks may not be the correct term, since our "networks" do not have interdependencies as some linear signaling pathways. Therefore, in the revised manuscript, we rephrased the title, abstract and conclusions that the concerted action of all EV molecules and amplification of numerous network nodes will most likely mediate the effect, as we have also noted at the major comment of this reviewer. Moreover, we speculated in the discussion on page 18 on how multiple molecules in the same pathways can help to robustly transfer a phenotype: "In order to become motile in the primary tumor, cancer cells upregulate multiple parallel networks of signaling pathways involved in migration ( Figure 3B, C) 
Response:
We argue that it is the presumable concerted action of vesicular biomolecules (as deduced from network-based analyses and GO mining, regardless of the EV-type) that mediates the phenotypic switch in the recipient cells. Therefore, the question whether different types of EVs can potentially have different effects is beyond the scope of this manuscript (though we agree it is an interesting question that is currently addressed by big studies in other labs in the field).
The final conclusion is very sketchy where authors talk about possible consequences of changes in EV-cargo due to mutations or otherwise, however this remains very speculative without having data or tools to observe and quantify these effects.
Response: As explained above in the response the general points, these final conclusions are based on an overwhelming evidence in the literature that mutations and knockouts of a single gene (especially when inducing a phenotype) can lead to broad differences in gene expression, with a described change of 100s-1000s of differentially transcribed genes (for example 
Response:
We would like to thank the reviewer for his/her time and effort to provide us with constructive feedback and helpful suggestions for additional experiments to improve our manuscript. figure 1H ) and resulting migration (as in Fig 6) 
I would suggest an additional experiment, that I think is missing in the current manuscript to properly interpret the migration data upon EV transfer: quantification of Cre-mediated recombination (as in
Response:
We have observed that the growth rate of these tumor models in vivo is comparable for the B16F1 and B16F10 models. However, since our manuscript is already data dense, we prefer to only add data that directly support the main message of the paper. If this reviewer feels that it will add to our story, we are willing to add this data to the revised manuscript.
2) Figure 
In the revised manuscript, we included the dot plots instead of representing the data as histograms in Fig 1I. 3) I did not understand exactly the analysis displayed in figure 5: 
We apologize to the reviewer for being unclear about this experiment. Let us first explain the reason for this analysis. A biological molecule loaded in EVs is not per definition important if it is specifically sorted into EVs. For example, a biological molecule that is specifically sorted in EVs but also very abundant in the recipient cell is not likely to add much to the recipient cell. By contrast, other vesicular biomolecules that may not be specifically sorted into EVs can likely have a large effect if this molecule is at low abundance in the recipient cell. Therefore, solely studying the content of EVs does not show which biomolecules will have a strong effect in the recipient cells. Accordingly, it is required to take into account the abundance of each biomolecule in the recipient cell, and that is what we did in Figure 5 . Since we are strongly convinced that this analysis helps the reader to understand how to interpret the importance of each vesicular biomolecule for inducing a phenotypic change in the recipient cell, we prefer to keep this analysis in the revised manuscript. We agree with the reviewer that we could have explained our reasoning for this experiment better, and we have added to page 14 of the revised manuscript: "Despite Table S4 ). However, these markers are not exclusively present in either one of the fractions, which may be explained by the fact that differential centrifugation does not yield pure fractions."
HSPD1, HSPA9, MDH2, see also Appendix Table S4). A recent study showed a lack of exclusive marker genes for exosomes and microvesicles when EVs from different cell lines were compared (Haraszti et al., 2016) but in line with our findings, this study found that 100K exosomes were enriched for proteins of receptors and cell adhesion, whereas 10K MVs were enriched in endoplasmic reticulum and mitochondrial proteins (see below). A few other studies have claimed the existence of markers that exclusively differentiate between exosomes or microvesicles (Keerthikumar, Gangoda et al., 2015, Kowal, Arras et al., 2016, Minciacchi et al., 2015b) (See also Appendix Table S5). Our data shows that many of these makers are indeed enriched in our 100K EV (e.g. VPS36, ITGA5, TSG101) or 16.5K EV (e.g. GLS, TUFM, ETFA) fractions (see also Appendix
Of note, Lamp2 is presented as a "typical exosome marker" "specifically enriched in the 100k fraction" (text p8), which does not match figure 2D (Lamp2 is more abundant in 16;5 than 100K) and the literature (Lamp2 is not consistently found associated to EVs, it is even described as excluded from exosomes in some studies).
We agree with the reviewer that whilst other markers have the highest enrichment in 100K EVs, this is not the case for LAMP2, which has similar expression in the 16.5K and 100K Fraction. We have reviewed the presence of LAMP2 in EV preparations in other studies, and agree with the reviewer that Lamp2 is not consistently found associated to EVs. Therefore in the revised manuscript, we have removed LAMP proteins as a classical EV marker from Figure 2D .
5) the authors should check carefully all figures, for possible mistakes in symbols or presentation: example in fig3c, where panel "positive regulator/B16F1 specific" shows pie-charts of Adam10 and Itgb3 displayed upside-down (Cell at bottom), and/or maybe left-righ inversion?
Response: Thanks for pointing out these typos. For the revised manuscript, we have thoroughly checked all figures for other typos and correct where required.
In Figure 4B ,
panel "Cellsvs100K, B16F1", cells are on the right and 100K on the left, whereas in all other panels of this comparison "EVs vs donor cell, .. gene..." cells are positioned on the left.
We apologize for the inconsistency and will correct this in the revised manuscript. 
. +10 in others: is it normal?
Response: Thanks again for pointing this out. We have checked the p-values and we agree that there is an inconsistency between the different figures. In the revised manuscript, we have corrected the axis of the GO-term enrichment scores to represent -log10 p-values of positive numbers on the x-axis.
6) although nice and providing interesting resource data, the protocol used to isolate EVs from in vivo grown tumors is not as refined as that used by Vella, JEV 2017, as it does not involve any further separation of EV subtypes in a density gradient. Hence, the EVs recovered are mixed and could also include some cell fragments, the authors should acknowledge that.
Response: Yes, we agree with the reviewer, and in the revised manuscript we have acknowledged these facts.
In the concluding remarks on page 16, we have added: "(…) it should be realized that these two EV populations may still contain multiple EV types or non-detectable cell fragments that are released upon isolation procedure (Figure 2F, G). EV subtypes could be potentially further fractionated using density gradient centrifugation (Vella et al., 2017) or antibody capture (Kowal et al., 2016)" 7) It would be really interesting to determine (in a future work) if the negative and positive networks of cell migration found in the B16F1 EVs are in fact present in different EV subtypes, which, if differentially captured by target cells, would then efficiently induce either a pro-migratory, or an anti-migratory effect, rather than the suggested mixed induction of contradictory functions.
Response:
We fully agree with the reviewer that this would be an outstanding question for future work. We have mentioned this in the discussion of the revised manuscript. On page 18 of the revised manuscript, we have added: "future studies
will have to identify if and how the total EV cargo is divided over individual EVs of the same and different subtypes." Referee #3: Steenbeek et al. have studied extracellular vesicles (EVs) as regulators of cancer cell migratory behavior. Their manuscript contains a very detailed characterization of the contents of the EVs. In particularly, these EVs are isolated from tumors derived from two sister cell lines -a metastatic and a non-metastatic cell line -and not, as is otherwise often the case, from cells in culture. Thus, this characterization has merit. However, the information gained from the analysis of the EV contents is entirely descriptive. The functional data that is included in the paper is not connected to the characterization of the EVs. Furthermore, the functional data don't add anything substantially new to the functional data previously published by the same group (Zomer et al., 2015). There is no validation convincingly showing that any of reported "omics-based" findings has functional consequence. Regrettably, the EV field doesn't really have the tools to effectively test the premise of the paper, namely that transfer of a network of molecules in EVs -from one cancer cell population to another -is a means for transfer of the ability to metastasis between cancer cell populations.
Response:
We would like to thank the reviewer for his/her time and effort to provide us with feedback and suggestions that helped to significantly improve our manuscript.
We would like to explain in more detail that this manuscript does add considerable novelty to our previous Cell paper form 2015 by Zomer et al.
1) The Cell paper was a proof of concept study, where we show that the highly aggressive basal breast cancer cell line MDA-MB-231 can phenocopy its metastatic behavior to the more benign luminal A breast cancer line T47D when co-transplanted into immune-deficient mice (Zomer et al, 2015) . Although these proof-of-principle experiments illustrate the potential of EV exchange to phenocopy differential behavior, they do not model EV exchange in tumors with cells from the same sub-type (and therefore more subtle differences. In the current manuscript (and in contrast to the Cell paper), we now also show that the results hold true for a more physiological (two sister lines) and an immunecompetent setting. This is a substantial and critical addition to the functional data that we have previously published in Cell. 2) As this reviewer correctly points out, it would be important to interfere with the EV transfer to illustrate that the "omic-based" findings have a functional consequence. For example, it would be effective to inhibit the release of EVs in the donor cells, and test how the lack of transfer of a network of molecules affects the behavior of the recipient cell. As the reviewer also correctly points out, the EV field doesn't really have the tools, and moreover, if they were available, it would be difficult to interpret the data (it would lead to many non-EV mediated changes). However, our Cre-LoxP system is an alternative approach which provides exactly the same information: studying recipient cells that do not take up EVs (which would be the same as recipient cells that do not take up EVs upon interference with the release of EVs of donor cells). In our experiments, we 'mark' this population of cells with DsRed, serving as an internal control that is requested by this reviewer. Importantly, our approach has the advantage that it does not necessarily require manipulation of the donor cells to distinguish between recipient cells that have, or have not, taken up EVs, and therefore we can exclude potential artifacts induced by donor cell manipulation. Since we compare the behavior between cells that have and have not taken up EVs, our data provides exactly the information and validation that this reviewer suggests. 3) A major point we want to get across in our manuscript is that EV-induced changes in cell behavior are mediated by transfer of a collection of molecules with presumable concerted action as deduced from network-based analyses and GO mining, and not just one single or a few of these molecules. This is an important message since several hall-mark papers in the field conclude that single biomolecules (either RNA or proteins) are responsible for the transfer of a phenotype from the donor to the recipient cell (e. . On the contrary, there is to our knowledge no evidence in the literature that alteration of a single gene (leading to a phenotype) does the job all by itself without affecting expression profile of other genes. Taking this knowledge in account, the observed phenotypic change in acceptor cells upon knockdown of single genes in donor cells can well be explained by altered expression profile of the donor cells, and subsequently EV loading (as EV reflect donor cells) and a completely different EV-induced phenotype in the recipient cell. However, based on these hallmark papers (which we think are still very important and insightful because they demonstrate the extraordinary role of EVs), the dogma in the field is that EVinduced effects are mediated by single (or a few) molecules loaded in EVs. With our manuscript, we try to change this dogma, and let the field realize that EVs contain many different biomolecules that can affect recipient cells.
Additional major issues: 1) The biggest problem of the manuscript is that there is no attempt to prevent EV transfer, or transfer of a specific network of molecules between the cell lines. One would need to show that interfering with EV mediated transfer alters the phenotype of migration to make any conclusion on the importance of the transfer of molecules by EVs. Such experiment are of course very difficult to perform. In addition, the in vitro phenotype of transfer of Cre is rather subtle, so the phenotypic read-out is also difficult to work with. Additionally, although the authors show transfer of EV associated membrane labeling dyes, there is no evidence that transfer of the proteins and RNA that they identify as part of EV actually occurs, not even in vitro.
Response We also agree with the other point of this reviewer that it would be informative to interfere with the EV mediated transfer, since rendering the donor cells vesiculation-deficient enables to study how recipient cells behave once they no longer take up EVs. As we explained above, we take an alternative approach which provides exactly the same information: studying recipient cells that do not take up EVs (which would be the same as recipient cells that do not take up EVs upon interference with the release of EVs of donor cells). In our experiments, we 'mark' this population of cells with DsRed, serving as an internal control that is requested by this reviewer. Importantly, our approach has the advantage that it does not necessarily require manipulation of the donor cells to distinguish between recipient cells that have, or have not, taken up EVs, and therefore we can exclude potential artifacts induced by donor cell manipulation. Since we compare the behavior between cells that do and do not take up EVs, our data provides exactly the information that this reviewer suggests. We thank this reviewer for pointing out that we did not well describe the advantage of our technology and in the revised manuscript we have better explained that the CreLox system provides similar information to interfering with EV mediated transfer. On page 7 of the revised manuscript we have added: "Moreover, 
cells did not take up EVs and will behave similarly to cells that did not take up EVs upon inhibition of EV release in the donor cells, and can therefore act as a control for cells that do take up EVs (i.e. GFP expressing cells)" 2) The manuscript contains no convincing evidence that EVs transfer proteins or RNA between cancer cell populations in vivo. The Cre-lox based tracking system is clever, but since there is no data documenting that Cre protein or mRNA is packed into EVs -and only can be transferred between cells through EVs -the method is not conclusive proof that transfer of molecules between cell lines occur through EVs. It is concerning that when the Cre-donor cell line is cultured with the reporter line in vitro then there is almost no transfer of Cre -even though release and uptake of EVs is convincingly shown under these conditions. Also concerning is the more efficient transfer of Cre between the cell lines in vivo. That could be because EV transfer is more efficient in vivo, as suggested by the authors, but there is no data to support this and Cre might just as well be transferred by other means than EVs. In addition, there are no controls to show that there is no spontaneous color switch in the reporter cells in culture or when these are injected into animals without the Cre + cells. Figure 6 shows that transfer of Cre affects the migration of the B16F1 cells, but it doesn't show that Cre is transferred by EV, or that the altered migration has anything to do with transfer of a network of molecules. In addition, there are no controls with measurement of migration of DsRed + B16F1 cells or B16F10 cells in "non-co-injected" tumors.
Response: As explained at our answer to major issue 1, the functional transfer of EV cargo is extensively studied and proven by others and we have included a better overview in the Results and discussion section of the revised manuscript. Moreover, in two papers (the initial Zomer et al, Cell, 2015 and an extensive protocol with all details Zomer et al, Nat Prot 2016) we have published many lines of evidence and controls showing that the transfer of Cre activity is mediated by EVs, including "nonco-injected" recipient tumors. Below, we discuss a few of those control experiments performed in the aforementioned papers, and how we refer to these in our current paper:
First, we have shown that mRNA of Cre was present in EVs (Below, Zomer et al, 2015 Figure 2F ). Interestingly, Cre protein was not detected in EVs by western blot (Below, Zomer et al. Figure 2E) showing that either Cre protein is not present in EVs, or present below the detection level of western blot.
Zomer et al., Cell, 2015. PMID: 26000481 Figure 2.
To test whether cells report the uptake of Cre mRNA-containing EVs, we intratumorally injected EVs produced by Cre cells into reporter + tumors (below, Zomer et al. Figure 4B ). Indeed, tumor reporter + cells start to report the uptake of the Cre-EVs as seen by the appearance of GFP + cells, while in the non-injected tumors, no GFP + cells appeared. Next, we have addressed whether Cre activity can be transferred by other means, e.g. by gap junctions during cell-cell contact. First, we have shown that transfer of Cre + activity can be transferred independent of cell-cell contact in a transwell assay (Below, Zomer et al. Figure 3D ) and between physical separated tumors that exclusively consists of either Cre + or reporter + cells (Below, Zomer et al Figure S3) . Fig. 3) 
3) The analysis of the contents of the EVs comes across as forced, almost biased, towards showing a connection to migration, including using things like the "reciprocal ratio of abundance". It is not obvious (e.g., in
that regulators of migration are specifically enriched in the EVs. It just looks like there are general differences. What statistical evidence is there that EVs contain regulators of migration -as opposed to other pathways?
Response: This reviewer is correct that we have analyzed the connection of EV cargo to migration, and we would like to elaborate on our reasons for this. Using in vivo imaging we found that B16F1 and B16F10 have differential capacity to migrate ( Figure 1A -D of our manuscript). This is the primary reason why we have analyzed whether the EVs that these cells release have the potential to transfer cargo that can influence migration of the recipient cells. Gene ontology analysis indeed showed that the cargo of EVs (Figure 4 , Figure EV4 and Figure EV5 ) is statistically associated to numerous different biological processes, of which many are directly or indirectly linked to cell migration. In these figures, we highlighted the direct migration-linked biological processes in red (e.g. cell migration, wound healing, cell motility) and we highlighted the potential indirect migration-linked processes that can strengthen the phenotype in green (e.g. RNA processing, cell surface receptor signaling pathway, glycoprotein metabolic process). Unfortunately, due to limited space, and because we only study the phenotypic effect of cancer cell migration, we could not focus on all biological processes that we identified in our RNA sequencing and mass-spectrometry experiments. We completely agree with the reviewer that the other biological processes that we identified in our tumor-derived EVs are very interesting, but we consider this beyond the scope of our current manuscript, as we only study the effect of EV transfer on cancer cell migration. In the revised manuscript, we aim to stress to the reader that we perform the network-based analysis because the differential phenotype we have observed is cell migration, and not solely base this on the GO term analysis. To this end we added to the revised manuscript on page 11: "Since we observed differential capacity of migration of B16F1 and B16F10 ( Figure 1A-D Moreover, we now realize that it may help to get the general findings of our study better across to the reader by discussing this data more prominently in the manuscript. In the results section on page 11 of our manuscript, we have added a generalized description: "Gene ontology analysis on EV RNA and protein showed that the cargo of EVs is associated to many different biological processes including some that can be directly linked to cell migration such as cytoskeleton organization, mesenchymal cell development, mesoderm morphogenesis and response to axon injury ( Figure EV4B ). In addition to processes directly linked to migration, we found many processes that can more indirectly influence migratory capacity of a cell, such as regulation of microtubule polymerization, but also to RNA processing and epigenetic and posttranscriptional regulation of gene expression ( Figure EV4B )"
In the results section on page 13, we have added a generalized description of our findings and added: "GO term analysis showed that the EV-enriched proteins and RNAs are involved in a variety of biological processes ( Figure 4B ). The top GO terms are related to processes known to be upregulated during metastases including cell migration, wound healing and morphogenesis ( Figure  4B, highlighted in red) . The highest functional enrichment is observed for cell surface receptor signaling pathway in the 100K EVs ( Figure 4B) Figure EV4B) . Moreover, RNA molecules related to glycolysis (Figure 4 and Figure EV5 ; glycoprotein metabolic process) are enriched in EVs. Interestingly, glycolysis have been shown to be upregulated in migratory cancer cells (Han, Kang et al., 2013 , Shiraishi, Verdone et al., 2015 . Additionally, enrichment of receptormediated signaling in EVs (cell surface signaling pathway, Figure 4B , Figure EV5B and Appendix Table S6 ) may help to transfer oncogenic properties between cancer cells. Together, the transfer of molecules involved in the above-mentioned processes may further amplify the effectiveness of the transferred biomolecules involved in migration."
4) Are there really 1000 different proteins and 12,000 RNA species packed into EVs? These numbers suggest that the selection of content of EVs is very unspecific. Is it even possible that one EV particle can contain that many different proteins and RNAs? Or do these numbers reflect that different EV particles contain only a subset of the proteins and RNAs. If so, how does that affect the idea of transfer of a network of regulators? With the proteomics data in hand, the authors appear to have an excellent data source to determine whether EVs mostly carry peptide degradation products or full length proteins. This is a major question in the field -and degradation products could have very interesting functions irrespective of the function of the native proteins.
Response: Just based on size, individual EV can never carry all the different proteins and RNA molecules and we have added this to the concluding remarks on page 17 and 18: "As single EVs cannot contain all cell-expressed RNAs and proteins due to volume restrictions (Sverdlov, 2012…)". Therefore, we profile the total EV content present in the tumor interstitial fluid, and study how the network of regulators can be transferred by the pool of EVs, and not single EVs.
In the literature, several mechanisms of selection of content of EVs have been described. For example, it has been postulated that the cargo of exosomes (EVs that arise from MVB fusion with the limiting plasma membrane) can be specially targeted. However, it has been shown that other EVs that bud directly from the plasma membrane contain a cargo that is less specific. Indeed, we observed more specific RNA and protein loading in the 100K EV fraction than the 16.5K EV fraction, which is in line with what has been suggested in the field ( Figure 4B ) (e.g. Haraszti et al., 2016). Therefore, as was previously suggested, we think that both active selective sorting and unspecific loading takes place.
The question is whether the fact that not every EV contains all proteins and RNA species will affect the idea of transfer of a network of regulators. Even if the recipient cells do not receive all biomolecules or only a small amount of these molecules, many different nodes within the pathways will be amplified, leading to an increased output of the signaling pathway. As shown by others (e.g. 
These data illustrate that it may not be the upregulation of the level of one particular RNA or protein that mediates the phenotypic change of recipient cells, but it could be the upregulation of the activity of migratory pathways as a whole. The consequence of this finding is that the output in the recipient cells will be very robust; even if the recipient cells do not receive all biomolecules or only a small amount of these molecules as can be transported by EVs, the concerted action of the network will lead to the same migratory output of the recipient cell."
We would like to thank this reviewer to suggest to study whether the EVs that we isolated mostly carry peptide degradation products or full length proteins. To do this, we looked into the individual gel band data to infer broad molecular weight information of observed versus expected/calculated molecular weight. Interestingly, only a small number of proteins (3.1% and 1.8% of respectively 16.5 and 100K E protein cargo) appeared to be comprised of truncated proteins not identified as degraded in the cell lysate. We have added this data to Appendix Table S1 and describe this data at page 9 of the revised manuscript: "To test if the EVs contained truncated proteins, we analyzed the low molecular weight gel bands of the EV samples that contain small proteins and potentially truncated proteins (gel band 4 and 5 in Figure EV1 and Appendix Figure S1 ).This analysis showed that only 3.1% of the 16.5K EV protein cargo and 1.8% of the 100K EV protein cargo is comprised of truncated proteins not identified as degraded in the cell lysate (Appendix Table S1 )." In the materials and methods section on page 27, we have included the corresponding method for this analysis: "Identification of degradation products in EVs. 
5K EVs (104) and 100K EVs (63), with a portion of the outlier proteins identified as outliers in EVs and not in the cell lysate (16.5K EVs: 98 (3.1% of 16.5K EVidentified proteins), 100K EVs: 59 (1.8% of 100K EV-identified proteins))."
5) The results of the analysis of the effects of co-injection of B16F1 and B16F10 cell lines in the one mouse that developed metastasis from the B16F1 cells are over-stated -when only one mouse out of 11 develops metastasis after co-injection, there is no statistical support for the idea that co-injection is important and the analysis of the resulting metastasis impossible to interpret. In addition, an effect of co-injection wouldn't have to be through transfer of EVs. Finally, no data is presented on metastasis in mice only injected with B16F1 cells.
Response:
We completely agree with the reviewer and have also discussed extensively within the lab whether to include this data. Although we also had our doubts, we initially preferred to present the reader all the experimental data, rather than cherry pick the significant ones. It has not been our intention to overstate and we had the impression that we had carefully made our statement by explaining that only one mouse out of 11 mice developed metastatic disease. Power analysis suggests that we need to hundreds of mice to find out whether this finding is a significant result. Since this is beyond the scope of our manuscript, we agree with the reviewer and editor to omit this experiment and conclusion from the revised manuscript. We deleted Fig S6 and the sentence "and in this mouse the eGFP + B16F1 cells had a 6-fold higher metastatic potential than their DsRed + counterparts ( Figure  S6 )" .
6) It is great that the authors isolated EVs from tumors and not just the tumor cell lines grown in vitro -but because of that, they cannot conclude that the characterized EVs originate from the cancer cells. They might very well also come from stromal cells. This point isn't even discussed.
Response:
We agree with the reviewer that in our approach to isolate EVs from the tumor interstitial fluid, we cannot exclude the co-isolation of EVs originating from stromal cells. As requested, we have acknowledged this in the revised manuscript, and have explained that the major contribution of EVs in our EV-preparation originates from cancer cells, but it will also contain a stromal component. In the results and discussion section of the manuscript, on page 7 and 8 we added: "Although B16 Thank you for submitting your revised manuscript for consideration by The EMBO Journal, and your patience with our response, which got delayed due to delayed referee input. Your revised study was sent back to all three referees for re-evaluation. Please find their comments enclosed below.
As you will see, both referees #1 and #3 remain overall more critical on the study, however we decided -in light of the strong support of the other referees -to give you the opportunity to revise your manuscript to address the referee's points.
In more detail, referee #2 finds that his/her concerns have been sufficiently addressed and is now broadly in favour of publication. However, while both referees #1 and #3 state that representation and interpretation of the proteomics/RNAseq data have been improved, referee #3 remains critical regarding essential controls for the new setting of sister B16 cell lines analysed in an immune competent context missing which in his/her view undermines the robustness of the phenotype transfer observed. In addition, referee #1 has persistent reservations that the major findings of your study are not well integrated and the functional relevance of the identified EV cargo remains underexplored.
While we usually only offer one single round of revision at The EMBO Journal, considering the positive comments of referee #2, we have decided to ask you to revise your manuscript regarding the points raised by referees #1 and #3. We agree with referee #3 that demonstration of robustness of the Cre/Lox transfer system in the current adjusted system will be critical.
In this revised manuscript the authors have done a very good job clarifying the raised issues, which has resulted in a more careful interpretation of the data, and in a more balanced and better justified description of the claims. Yet one major issue remains in the dis-connect between the proteomics data and the function of EV-content on recipient cells: On the hand, the authors show that EVs induce cell migration in recipient cells, and on the other hand they show that EVs contain many hundreds of proteins and RNAs. The central point they now make is that EV-mediated trans-acting effect is mediated by multiple proteins ('nodes within networks') rather than single factors as shown for some proteins in earlier studies. Although very likely this is true, it remains highly unfulfilling that no functional role has been assigned to any of the RNAs/proteins contained within EVs. What is then the reason to generate these proteomic/transcriptome data in the first place? Sure -it has led to the insight that EV-proteomes represent multiple functionalities, but arguing which proteins are the real biological actors remains a theoretical exercise, as the authors acknowledge in their response and revised text. Without demonstrating which (or at least which group) of EV-proteins induce the downstream effects, for me this does not provide the mechanistic insight one would hope for. The statement in the response letter that the role of individual proteins 'can never be experimentally proven' is not the strongest defense: many approaches that were un-imaginable until recently are commonplace today. In the end, the manuscript would benefit from keeping the major findings (i.e. proteomics and biological effects of EVs) as separate entities, without artificially (or theoretically) connecting the two, simply because the data are lacking. This would avoid nebulous wording to describe the conclusion, e.g. as in the abstract, stating that 'a diverse range of EV biomolecules ... concertedly amplify numerous nodes within signaling networks'. The 'diverse range of biomolecules' is too vague, and the 'amplification of nodes' just means that some proteins are present both in EVs and recipient cells. To me, this is all a very complicated way to say that EVs (which contain many proteins and RNAs) act on recipient cells by invoking a multi-faceted biological response (e.g. cell migration) -which is a fair conclusion doing justice to the data. 3) In the new sentence included p14 to explain better the reason for comparing abundance in EVs vs the cells : I understand and agree with the concept proposed, that a molecule should have an effect on a target cell only if its abundance in EV is much higher than in cells. I am not sure I agree, however, that the notion of « specific loading » or « specific sorting » of components into EV sis relevant to the point made here. A component can be very abundant in EVs just because it is very abundant in the cell cytosol, and passively transferred to EVs, thus not « specifically sorted ». However, it seems to me that a protein that is more strongly present in EVs than the secreting cells is necessarily specifically sorted to EVs. The sentence starting by « By contrast, ... not be specifically sorted to EVs... recipient cells » suggests the opposite (possible high enrichment in EVs vs cells, without specific sorting to EVs) : can the authors explain better their thinking, or amend this sentence ?
Referee #3:
The revisions to the text has greatly improved the manuscript, and the results are now much clearer presented and more carefully discussed. One major concern persist:
Major point 1) The manuscript still lacks the necessary controls required to state that the Cre/lox system can be used to faithfully track transfer of EVs between the cancer cell populations that were used IN THIS STUDY. The authors argue strongly that using new cell lines constitutes novelty over their previous work -but they must also be able and willing to present the controls that show that Cre/lox system works to track EVs in this new model system. The requested controls are neither experimentally nor conceptually difficult, but they are absolutely essential if the authors want to argue that color switch allows them to track which cells have taken up EVs and which have not. The controls presented to the reviewers are human breast cancer cell lines in immune compromised animals (and previously published data that the reviewer was aware of). It cannot be assumed that because Cre is packaged into EVs in the previously used system, it also will be packed into EVs of unrelated murine melanoma cell lines and mark transfer of EVs in immune competent mice -and be the only way of Cre transfer. THat may well be, but controls are needed. If the requested controls cannot be provided, I urge that the data based on the tracking system are excluded from the paper -or at the very, very least incredibly carefully discussed. If the system works in this cell line then the authors should be easily capable of showing at a minimum the presence of Cre mRNA in the EVs from tumor preparations as supportive evidence. That, combined with a better discussion of potential issues with the system would be acceptable (such as stating that other means of Cre trnasfer was not excluded in these cell lines but were not detected in the previous cell lines and under which conditions). In part, I insist on these controls because there is no explanation for the very low transfer of Cre in vitro, when release and uptake of EVs is convincingly shown under the same conditions using other means. Regardless of the difference between in vitro and in vivo, it suggests that Cre-induced color switch greatly underreports on which cells have taken up EVs -and therefore, argues that DsRed+ cells in the mixed tumors cannot be assumed to be non-EV uptaking cells. Similarly, controls showing the amount of color switching happening in the absence of a report cell line, in vivo, using the B16 cells used for this study and not T47D cells in a prior study should also be done for Fig. 1I . It is the scholarly thing to do if one wants to make arguments on transfer of EVs as mediators of increased cell migration.
Minor points:
1) The discussion of EVs isolated from tumors as being predominantly from cancer cells is not based on any data (e.g. FACS quantifying percentage of tumor cells versus all other cells), or even reference to estimates of the percentage of cancer cells in the tumors from the literature. The percentage of cancer cells is probably not larger than 70%, and the authors need to be more careful in their description and should provide at a minimum estimates from the literature.
2) The statement on p. 6, lines 1-2 is not clear: F1 and F10 cells were mixed and 6/9 mice had F10 cell metastasis while 1/11 mice had F1 cell metastases. Why are the mouse numbers not the same (9 vs. 11 mice), where these not coinjection, analyzed for both cell populations? Please describe the experiment and findings better.
3) p. 9, line 9: it is not clear to me why authors exclude truncated proteins identified as degraded in the cell lysate from the analysis of truncated proteins.
2nd Revision -authors' response 2 May 2018
Comments from the editor As you will see, both referees #1 and #3 remain overall more critical on the study, however we decided -in light of the strong support of the other referees -to give you the opportunity to revise your manuscript to address the referee's points.
We thank the editor for the opportunity to revise our manuscript and are pleased to include additional control experiments to address the remaining referee's points that further strengthen our findings. 
In
Response:
We acknowledge the concerns of reviewer #3 and we have included the three requested control experiments in the revised manuscript.
First, we have added proof of presence of Cre mRNA in both 16.5K and 100K EVs isolated from tumor micro environmental EVs, demonstrating that cancer cells from this model also load the Cre enzyme into EVs. We have added this data to Figure 1F and at page 7 of the results section, we have added "In the EVs released by Cre-expressing B16 cells, the mRNA of Cre was present ( Figure  1F )". 
To avoid over-stating causalities between OMICs data on the EV cargo, EV transfer and cellular behavior in the absence of additional functional experiments, we have restructured the manuscript, and show in the first part (opposed to the last part in the initial manuscript) the consequence of EV uptake on migratory behavior. Therefore this manuscript is now divided into two parts that are connected but not necessarily causal (to avoid overstatements): 1) two sister clones phenocopying behavior in vivo, 2) the analysis of the cargo of the EVs that they release.
In the revised manuscript, we have included the requested control experiments for the Cre/Lox transfer system and are therefore confident on positive feedback.
Comments from the reviewers Referee #1:
In this revised manuscript the authors have done a very good job clarifying the raised issues, which has resulted in a more careful interpretation of the data, and in a more balanced and better justified description of the claims.
We thank the referee for his/her time to review our revised manuscript. We are contented that we have been able to solve the reviewers concerns on the EV-mediated transfer of mRNA between cells and the character of the networks identified in the Mass-spectrometry and RNA sequencing data. 
Yet one major issue remains in the dis-connect between the proteomics data and the function of EV
Response:
We appreciate that many approaches were un-imaginable until recently are commonplace today, but it is important to realize that the development of such an approach has been a major and unsuccessful effort in the field. Although we have no doubt that this may be solved at some point in time by the field, we strongly feel that this goes beyond the scope of our current manuscript. Instead, we followed the suggestion of this reviewer to keep the major findings (biological effects of EVs and proteomics) as two separate entities to avoid over-stating the causality of the identified EV cargo and the observed transfer of the migratory phenotype. In the first part of the revised manuscript, we now describe the biological effects. To do this, we have moved the last paragraph of the results (describing the intravital microscopy of the consequence of EV) to the front of the result section. From the first part of the manuscript, we conclude that sister clones can phenocopy migratory behavior. In the second part of the results, we describe all experiments in which we identify the cargo. With this order, we avoid any overstatements of the causality of the identified EV cargo and the observed transfer of the migratory phenotype. 
Thanks for this suggestion how to correctly phrase the abstract. We have followed the suggestion of this reviewer and have restated the conclusion of the abstract to: "Thus EVs, which contain many proteins and RNAs, act on recipient cells by invoking a multi-faceted biological response including cell migration." 
We thank the reviewer for his/her positive feedback and are pleased to hear that we have been able to solve the previous concerns.
I am not entirely convinced, however, by some of the new sentences : 1) the new title is not very clear, the authors should have kept the original structure (Tumor cells that phenocopy migratory behavior in vivo) and just change the end to « exchange numerous nodes of signaming networks via EVs ». In the new title, it is not clear what « in vivo » relates to !
Response:
We agree, and have changed the title in the revised manuscript as suggested.
2 
Thanks for pointing this out. In the revised manuscript, we have removed these incorrect statements, and now only highlight that the cancer cells are the major component of B16 tumors.
3)
In 
Response:
We completely agree with this reviewer, and as explained below, in the revised manuscript, we have added the three requested control experiments to support that Cre transfer is mediated trough EVs in this model (see below). 
In the revised manuscript in Figure 1F we now illustrate the presence of Cre mRNA in EVs from B16 tumor preparations, and describe this data at page 7 of the results section "In the EVs released by Cre-expressing B16 cells, the mRNA of Cre was present ( Figure 1F) ". This data illustrates that Cre mRNA is present in the in vivo released EVs by murine melanoma cancer cells. (Zomer et al., 2015) .
Moreover, in the revised manuscript we have added two additional controls (Extended view Figure 1A -D and Figure 1H, J) .
First, we excluded Cre transfer upon cell fusion by showing that GFP+ cells are negative for CFP. We have added this data in Extended View Figure 1 . At page 7 of the results section, we have added "Importantly, GFP+ cells did not express CFP excluding that the reporter+ cells fused with Cre+ cells (Figure EV 1A-D) ".
Second, we exclude that the color switch happens in the absence of Cre+ cells (see below).
Regardless of the difference between in vitro and in vivo, it suggests that Cre-induced color switch greatly underreports on which cells have taken up EVs -and therefore, argues that DsRed+ cells in the mixed tumors cannot be assumed to be non-EV uptaking cells.
We fully agree with the reviewer that the uptake of EVs (i.e. uptake of labeled EVs in Figure 1E ) is not the same as the functional uptake of luminal EV cargo as reported by the Cre-LoxP system. In fact, the uptake of labeled EVs is most likely just reflecting basic endocytosis where cells are not exposed to the luminal EV cargo. The strength of the Cre-LoxP system is that it only reports the functional release of the luminal EV cargo into the recipient cells, which is strikingly different in the in vitro and in vivo setting.
To clarify this difference in methodology and readout better to the reader, we have rephrased some of the methodology in the revised manuscript. On page 7 of the revised manuscript, we have added: "Reporter cells that take up these EVs, and get exposed to the cargo, switch expression of DsRed to eGFP" and "This data suggest that the Cre-Lox system reports the release of cargo into the cytoplasm rather than only the uptake of EVs, and that the in vitro EV uptake (i.e. uptake of labeled EVs in Figure 1E 
Response:
We agree and have included this analysis to the revised manuscript. In Figure 1 H and J we now show that B16F1 and B16F10 reporter + cells do not display any GFP expression in the absence of Cre + cells. We describe this data at page 7:"Indeed, in tumors we observed reporter+ cells that report Cre-activity only in tumors that also contained Cre+ cells ( Figure 1H, I )". 
To quantify the percentage of cancer cells versus all other cells in the tumor, we performed immunohistochemical analysis that we included in Appendix Figure S1 of the revised manuscript. The estimation of this reviewer was correct; this analysis showed that 70% of the cells of the tumor were cancer cells. We describe this data on page 8 of the manuscript: "Since B16 tumors consist predominately of cancer cells (on average >70%, Appendix Figure S1 ), it is expected that the vast majority of EVs in tumors are produced by cancer cells, although we cannot exclude the coisolation of some EVs derived from non-cancer cells".
2)
The statement on p. 
Response:
We thanks this reviewer for pointing out that this is not clear. In the revised manuscript, we included all truncated proteins, which led to almost the same number (3.1% of the 16.5K EV protein cargo and 1.9% of the 100K EV protein cargo). We corrected this at page 9 of the revised manuscript: "This analysis showed that only 3.2% of the 16.5K EV protein cargo and 1.9% of the 100K EV protein cargo is comprised of truncated proteins (Appendix Table S1 )" and in the materials and methods on page 28: "Utilizing these criteria, outlier proteins were identified in cell lysate (22) 1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?
1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.
2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria preestablished?
3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. randomization procedure)? If yes, please describe.
For animal studies, include a statement about randomization even if no randomization was used.
4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results (e.g. blinding of the investigator)? If yes please describe. Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.
In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself. Every question should be answered. If the question is not relevant to your research, please write NA (non applicable). We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human subjects.
definitions of statistical methods and measures:
a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including how many animals, litters, cultures, etc.).
Please fill out these boxes ê (Do not worry if you cannot see all your text once you press return) a specification of the experimental system investigated (eg cell line, species name).
B-Statistics and general methods
the assay(s) and method(s) used to carry out the reported observations and measurements an explicit mention of the biological and chemical entity(ies) that are being measured. an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
Data
the data were obtained and processed according to the field's best practice and are presented to reflect the results of the experiments in an accurate and unbiased manner. figure panels include only data points, measurements or observations that can be compared to each other in a scientifically meaningful way. graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical replicates. if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be justified the exact sample size (n) for each experimental group/condition, given as a number, not a range;
Each figure caption should contain the following information, for each panel where they are relevant:
Captions
The data shown in figures should satisfy the following conditions:
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship guidelines on Data Presentation.
YOU MUST COMPLETE ALL CELLS WITH A PINK BACKGROUND ê
All experiments were performed at a minimum of biological triplicates and data reported as means with representative images. In line with ethical guidelines for the use of experimental animals, the minimum number of mice was used to conduct statistical analysis.
Sample sizes for intravital imaging experiments were determined based on previous studies and we used a minimum of 15 tumor positions in a minimum of 4 mice per condition. Mass spectrometry and RNA sequencing were performed on biological triplicates of tumor cell and EV fractions.
From intravital imaging, mice and imaging positions were excluded if the same tumor areas could not be visualized for the full duration of the imaging. For the Mass spectrometry and RNA sequencing, paired samples were excluded if the EVs contained aberrant RNA profiles.
Animals were randomly assigned to the indicated cancer cell transplantation groups. Investigators were not blinded to the group allocation, and all mice, samples and data were processed in the same manner independent of the experimental condition.
Animals were randomly assigned to the indicated cancer cell transplantation experiments and groups.
As discussed at point 3, all mice, samples and data were processed in the same manner independent of the experimental condition. So investigators were not blinded to the group allocation.
As discussed at point 3, all mice, samples and data were processed in the same manner independent of the experimental condition, so investigators were not blinded to the group allocation.
Yes, we have included statistical tests with every figure and described sample size and the statistical tests used in every corresponding figure legend.
Data was tested for normal distribution using the D'Agostino and Pearson omnibus normality test. For normally distributed data, the unpaired t-test was used. For not normally distributed data, the Mann-Whitney test was performed. For paired measurements with not normally distributed data, the Wilcoxon matched pair test was used.
